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In a liquid crystal display (LCD) device having a thin film
transistor (TFT), the TFT includes a source electrode, a drain
electrode and a semiconductor layer. At least one of the
source electrode and drain electrode includes a first layer
including copper and a second layer forming an oxide layer
and covering the first layer. The semiconductor layer has a
substantially linear current-voltage relationship with said
source electrode or drain electrode including said first and
second layers, when a voltage is applied between the semi-
conductor layer and said source electrode or drain electrode.

161




Patent Application Publication  Feb. 25,2010 Sheet 1 of 47 US 2010/0045887 A1

FIG. 1

\< 3 \\ ¢

i === == A

3¢



Patent Application Publication  Feb. 25,2010 Sheet 2 of 47 US 2010/0045887 A1

T
v

)

17

(anie

112

N
\

122

\_/
NV

N\

@ -

123

121

DN
AN
o
A
< \\
¢S

19

3
g

N
—
/

162

FIG. 2



Patent Application Publication  Feb. 25,2010 Sheet 3 of 47 US 2010/0045887 A1

FIG. 3

/\/18
0 oo
= .
[e] O ——1
111 o g
o

7’41,&%1\ — /\/123
yd
S N



Patent Application Publication  Feb. 25,2010 Sheet 4 of 47 US 2010/0045887 A1

FIG. 4

353

351 113
3
B .
40
\ | ,

33



Patent Application Publication  Feb. 25,2010 Sheet 5 of 47 US 2010/0045887 A1

FIG. 5

353
352

36
113

351 (




Patent Application Publication  Feb. 25,2010 Sheet 6 of 47 US 2010/0045887 A1

FIG. 6

352 \

34

123

353

p—g

351
33



Patent Application Publication  Feb. 25,2010 Sheet 7 of 47 US 2010/0045887 A1

FIG. 7

351
352 /

\/ 353

e

N,

11



Patent Application Publication  Feb. 25,2010 Sheet 8 of 47 US 2010/0045887 A1

FIG. 8

3563

/N

1

37 \ 351



Patent Application Publication  Feb. 25,2010 Sheet 9 of 47 US 2010/0045887 A1

37 351



Patent Application Publication  Feb. 25,2010 Sheet 10 0f47  US 2010/0045887 A1

353

46

44

45

351

352
47

46

FIG. 10

36



Patent Application Publication  Feb. 25,2010 Sheet 11 0f47  US 2010/0045887 A1

N

351

FIG. 11



Patent Application Publication  Feb. 25,2010 Sheet 12 0f47  US 2010/0045887 A1

—
o

C ]

L
il

<
s
o

35

44

351

FIG. 12

352
47

46

36



Patent Application Publication  Feb. 25,2010 Sheet 13 0f47  US 2010/0045887 A1

113

L

44

353

46

-

44

[\j\
)

352

46
(.

FIG. 13
N

B
\

36



Patent Application Publication  Feb. 25,2010 Sheet 14 0of47  US 2010/0045887 A1

FIG. 14

Cu-Mn Cu-Mn

n+
a-Si

The a-Si layer gets a process of plasma oxidation in order to
form SiO, having thickness in 1.5nm.

Cu-4atom%Mn alloy is deposited.

A heat treatment at 250 °C for 30 minutes is conducted in an
atmosphere containing a trace of oxygen.

A distance between pads is 40nm.
A contact resistance is 0.85cm?.
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FIG. 15
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims priority under 35 U.S.C.
§119 from Japanese patent application Serial No. 2008-
210226, filed Aug, 19, 2008, entitled “Liquid crystal display
device and manufacturing method therefor”, which is incor-
porated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal dis-
play (LCD) device having a thin film transistor (TFT).

BACKGROUND OF THE INVENTION

[0003] In recent years, low-power-consumption liquid
crystal display (LCD) devices, which are thin and light in
terms of weight and may also be driven with low value volt-
ages, are widely used. In addition, the demand for increasing
the screen size is higher year after year, and motion pictures
such as TV images are required to be displayed on these
devices. For that, interconnections need to be composed of
materials that have low resistivity and high conductivity. In
recent years, in response to the above requirements intercon-
nections are expected to be made of new materials such as
copper (Cu). Copper (Cu) has lower resistivity, namely higher
conductivity compared to aluminum (Al) alloys.

[0004] According to the actual demand for large screens,
materials for gate interconnections have changed from a
molybdenum (Mo) alloy to an aluminum (Al) alloy or an
aluminum clad, etc. Needless to mention that Aluminum (Al)
has problems of hillocks, migrations, etc.

[0005] For example, as shown in Japanese Unexamined
Patent Application Publication No. 2000-199054, intercon-
nection materials composed of an aluminum-neodymium
(Al-—Nd) alloy is proposed, or anodically oxidized Al, Al
claded by molybdenum (Mo) alloy, or double layered alumi-
num (Al)is used. In the case of aluminum-neodymium (Al—
Nd) alloy the resistivity of interconnections is about 5.1
pe2-cm, while the resistivity of pure aluminum (Al) is 2.5
u-cm.

[0006] Therefore, interconnections composed of three lay-
ers of titanium/aluminum/titanium (Ti/Al/Ti) or molybde-
num/aluminum/molybdenum (Mo/Al/Mo) are used as a
countermeasure against the above mentioned problems of
hillocks, migrations, etc. when pure aluminum (Al) is prac-
tically used as a material for interconnections. However, this
multilayer structure brings about new problems such as an
increase in the layer formation process.

[0007] On the other hand, nowadays, copper (Cu) is con-
sidered to be an attractive material for thin film transistor
(TFT) electrodes or interconnections because it represents a
low electrical resistance compared to the other materials used
in TFT electrodes or interconnections. However, copper (Cu)
has poor characteristics with regards to the adhesiveness with
insulating layers, in particular, with glass, which is a material
used for the substrate of TFT. In addition, copper (Cu) gets
easily oxidized when formed on an insulating layer.

[0008] Accordingly, to resolve the above-mentioned prob-
lems, a technique employing alloyed copper interconnections
is attempted in TFT-LCD devices. This technique aims at
securing the adhesiveness to the glass substrate by reaction of
alloy elements with the substrate forming a layer at their
interface. In addition, this technique also aims at forming an
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oxide layer on a surface of copper (Cu), in which the alloy
elements function as an oxidation-resistance layer with a low
resistivity for the copper (Cu).

[0009] However, according to the proposed technique,
characteristics that are aimed at are not sufficiently achieved.
Electric resistance of copper (Cu) increases due to the fact
that alloy elements are remaining in Cu layer, and therefore it
could not show its advantage over conventional interconnec-
tion materials such as aluminum (Al) or aluminum alloy.
[0010] Further, as shown in Japanese Unexamined Patent
Application Publication No. 2004-163901, in order to utilize
a copper interconnection in TEFT-LCD devices, another tech-
nique is proposed in that a molybdenum (Mo) alloy layer is
interposed between the copper (Cu) layer and the substrate,
thereby securing the adhesiveness and the barrier properties
with the substrate.

[0011] However, according to this technique, the manufac-
turing process has an additional step for depositing molybde-
num (Mo) alloy. In addition, the effective resistance of inter-
connections increases in this structure. Further, although a
single layer of copper (Cu) is utilized for the source and drain
electrodes of TFT-LCD devices, their stability remains under
question.

[0012] Further, in Japanese Unexamined Patent Applica-
tion Publication No. 2004-139057, in order to resolve the
above mentioned problems with regards to the copper (Cu)
interconnections, another technique is proposed in that a
high-melting-point nitride such as tantalum nitride (TaN),
titanium nitride (TiN) or tungsten nitride (WN) is formed
around the copper (Cu). However, this technique arises other
problems such as, for example, a new material for forming the
barrier layer and even an additional process are required
compared to the case where conventional materials are used
for the interconnections. In addition, the effective resistance
of the interconnection increases because a high-resistivity
barrier layer is deposited thickly around the copper (Cu).
[0013] Further, Japanese Unexamined Patent Application
Publication No. 2005-166757 discloses that an addition of
one or more elements of magnesium (Mg), titanium (T1) and
chromium (Cr) to the copper (Cu) of the interconnections in
TFT-LCD devices improves the adhesiveness as well as the
oxidation resistance. However, another problem arises in that
the interconnection resistance increases as the additional ele-
ments are remaining in the interconnections. In addition, the
interconnection resistance increases because the additional
elements reduce oxides in the substrate layer and the reduced
elements diffuse into the interconnection.

[0014] Japanese Unexamined Patent Application Publica-
tion No. 2002-69550 discloses another technique, which tries
to improve the oxidation resistance by adding silver (Ag) of
0.3 to 10 weight percent to the copper (Cu). However, in this
case, the adhesiveness to the glass substrate is not improved,
and sufficient oxidation resistance may not be acquired to
withstand liquid crystal manufacturing process.

[0015] Japanese Unexamined Patent Application Publica-
tion No. 2005-158887 proposes a copper alloy in which at
least one element of titanium (Ti), molybdenum (Mo), nickel
(Ni), aluminum (Al) and silver (Ag) is added by 0.5 to weight
percent to the copper (Cu). However, the additional element
increases electric resistance of the interconnections.

[0016] Japanese Unexamined Patent Application Publica-
tion No. 2004-91907 discloses the addition of molybdenum
(Mo) by 0.1 to 3.0 weight percent to the copper (Cu) and
segregation of molybdenum (Mo) to a grain boundary sup-
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presses oxidation by grain boundary diffusion. Although this
technique can improve oxidation resistance of the copper
(Cu), there is a problem in that the interconnection resistance
increases.

[0017] International Unexamined Patent Application Pub-
lication No. WO2006-025347 discloses that an oxide protec-
tive layer formed by an additional element will suppress the
oxidation of Cu in the copper alloy layer in which the appro-
priate additional element is added. The protective layer is
formed at an interface of an adjacent insulating layer that
suppresses the mutual diffusion. This technique provides a
copper interconnection that has high conductivity and good
adhesiveness with the substrate. Further, this technique pro-
vides liquid crystal display (LCD) devices utilizing this cop-
per interconnections. In addition, this publication suggests
that manganese (Mn) is preferable as one of the additional
elements. However, this technique is insufficient to realize
features of interconnection structures used in the liquid crys-
tal display (LCD) devices and TFT electrode structures.
[0018] Japanese patent No. 3302894 proposes a TFT struc-
ture used in TFT-LCD devices and explicitly discloses the
gate electrode of TFT structure is covered by an oxide layer
when a Cu alloy is applied to the gate electrode. This patent
discloses that when a first metal is Cu, a second metal is at
least one element selected from titanium (Ti), zirconium (Zr),
hafnium (Hf), tantalum (Ta), niobium (Nb), silicon (Si),
boron (B), lanthanum (La), neodymium (Nd), samarium
(Sm), europium (Eu), gadolinium (Gd), dysprosium (Dy),
yttrium (Y), ytterbium (Yb), cerium (Ce), magnesium (Mg),
thorium (Th), and chromium (Cr). However, the second ele-
ment is different from an additional element of the present
invention.

[0019] None of the above-mentioned documents refers to a
structure of source or drain electrodes in a TFT structure.
However, high adhesiveness to a semiconductor layer or a
pixel electrode, tolerability to a circumstance in which the
TFT electrode is used, and stability of electric contacts with
source or drain electrodes portion are required for the struc-
ture of the source or drain electrode. Therefore, the structure
of the source or drain electrode is an important element of
liquid crystal display (LCD) device.

[0020] As mentioned above, according to these conven-
tional techniques, although adhesiveness to the semiconduc-
tor layer or the pixel electrode and the oxidation-resistance
layer are tried to be secured by adding an additional alloyed
element to the copper (Cu), a sufficient result is not yet
obtained in all techniques. Further, sufficient results are not
obtained with regard to the high adhesiveness to the semicon-
ductor layer or the pixel electrode and tolerability of circum-
stances in which the TFT electrode is used. In the same way,
the requirement of having stable electric contacts with the
source or drain electrodes portion are not yet met.

[0021] Especially, although the International Unexamined
Patent Application Publication No. W02006-025347 sug-
gests the liquid crystal display (LCD) device using copper
interconnections, a sufficient structure for realizing the gate
interconnection structure utilized in the liquid crystal display
(LCD) device is not yet achieved by the suggested technique.
Further, the Japanese patent No. 3302894 clearly specifies
that an oxide layer covering a gate electrode is an oxide layer
mainly composed ofa second metal element, which is formed
by applying a heat treatment in an oxygen atmosphere. How-
ever, it is not described at all nor even suggested that the
adhesiveness between the semiconductor layer and the source
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electrode or drain electrode is secured by forming an oxide
layer on the source or drain electrodes as a result of reaction
between Cu alloy and a Si oxide layer contacting to the Cu
alloy by heat treatment, as mentioned in the present invention.
Further, an electrically stable contact between the source
electrode or drain electrode and the semiconductor layer is
not described nor suggested.

[0022] In other words, there is a need to provide a solution
for all the above-mentioned problems such as, for example,
depositing the Cu alloy layer with fewer process steps,
decreasing effective resistance of interconnections, and form-
ing a stable electric contact with improving the adhesiveness
between the semiconductor layer and the source or drain
electrodes. However, these problems cannot be solved by the
above-mentioned conventional techniques, therefore actual
products, featuring all the requirements, are difficult to be
manufactured.

[0023] Thepresentinvention is made underthe above-men-
tioned situation. The purpose of the present invention is to
prevent an oxidation of interconnection materials, including a
source electrode or drain electrode, by forming an oxide layer
covering the interconnections and securing a high adhesive-
ness to asemiconductor layer or a pixel electrode. Further, the
purpose of the present invention is to provide a liquid crystal
display (LCD) device having a TFT structure in which a
source electrode or drain electrode is sandwiched between the
semiconductor layer, such as amorphous silicon, and a pas-
sivation layer with a stable ohmic contact.

SUMMARY OF THE INVENTION

[0024] In accordance with a first aspect of the present
invention, in a liquid crystal display (LCD) device having a
thin film transistor (TFT), the TFT includes:
[0025] a source electrode:;
[0026] a drain electrode, where at least one of said source
electrode and drain electrode includes:
[0027] afirst layer including copper,
[0028] asecond layer forming an oxide layer and cover-

ing said first layer; and
[0029] asemiconductor layer having a substantially linear
current-voltage relationship with said source electrode or
drain electrode including said first and second layers, when a
voltage is applied between the semiconductor layer and said
source electrode or drain electrode.
[0030] Inthe first aspect of the present invention described
above, the second layer forming the oxide layer covers the
first layer in the source or drain electrode. Therefore, copper
in the first layer is prevented from oxidation. Further, the
semiconductor layer has the substantially linear current-volt-
age relationship with the source electrode or drain electrode
even though the oxide layer covers the first layer in the source
electrode or drain electrode. Such a substantially linear cur-
rent-voltage relationship is a preferable characteristic for a
TFT transistor of a LCD device.
[0031] In accordance with a second aspect of the present
invention, in a liquid crystal display (LCD) device having a
thin film transistor (TFT), the TFT includes:
[0032] asource electrode:;
[0033] a drain electrode, where at least one of said source
electrode and drain electrode includes:

[0034] a first layer including coppet,

[0035] asecond layer forming an oxide layer for sand-

wiching said first layer; and
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[0036] a semiconductor layer having a substantially linear
current-voltage relationship with said source electrode or
drain electrode with said first and second layers, when a
voltage is applied between the semiconductor layer and said
source electrode or drain electrode.
[0037] In the second aspect of the present invention
described above, the second layer forming the oxide layer
sandwiches the first layer in the source or drain electrode.
Therefore, copper in the first layer is prevented from oxida-
tion. Further, the semiconductor layer has the substantially
linear current-voltage relationship with the source electrode
or drain electrode even though the oxide layer sandwiches the
first layer in the source electrode or drain electrode. Such a
substantially linear current-voltage relationship is a prefer-
able characteristic for a TFT transistor of a LCD device.
[0038] In accordance with a third aspect of the present
invention, in a liquid crystal display (LCD) device having a
thin film transistor (TFT), the TFT includes:
[0039] asource electrode;
[0040] a drain electrode, where at least one of said source
electrode and drain electrode includes:

[0041] a first layer including copper and manganese,

[0042] a second layer forming an oxide layer including

manganese and covering said first layer; and

[0043] a semiconductor layer having a substantially linear
current-voltage relationship with said source electrode or
drain electrode with said first and second layers, when a
voltage is applied between the semiconductor layer and said
source electrode or drain electrode.
[0044] Inthe third aspect of the present invention described
above, the second layer forming the oxide layer covers the
first layer in the source or drain electrode. Therefore, copper
in the first layer is prevented from oxidation. Further, the
semiconductor layer has the substantially linear current-volt-
age relationship with the source electrode or drain electrode
even though the oxide layer sandwiches the first layer in the
source electrode or drain electrode. Such a substantially lin-
ear current-voltage relationship is a preferable characteristic
fora TFT transistor of aLCD device. Further, the second layer
is an oxide layer including manganese. Therefore, adhesive-
ness between the source electrode or drain electrode and the
semiconductor layer is secured. Copper in the first layer is
also prevented from diffusing into the semiconductor layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1 illustrates a cross-sectional view of a thin
film transistor liquid crystal display (TFT-LCD) module.

[0046] FIG. 2 illustrates a cross-sectional view of a LCD
display panel.

[0047] FIG. 3 is a conceptual view of an IPS liquid crystal
display device.

[0048] FIG. 4 illustrates a plan view of a pixel portion and
a TFT portion.

[0049] FIG. 5 illustrates a cross-sectional view of a pixel

portion and a TFT portion.

[0050] FIG. 6illustrates a schematic diagram of an equiva-
lent circuit for a pixel portion and a TFT portion.

[0051] FIG. 7illustrates a schematic diagram of'an embodi-
ment of a TFT structure (a top gate structure having a stag-
gered type).

[0052] FIG. 8 illustrates a schematic diagram of an alterna-
tive embodiment of a TFT structure (a channel stopper struc-
ture having an inverted-staggered type).
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[0053] FIG. 9illustrates a schematic diagram of an alterna-
tive embodiment of a TFT structure (a channel etch structure
having an inverted-staggered type).

[0054] FIG. 10 illustrates a cross-sectional view of an
embodiment of a pixel portion and a TFT portion.

[0055] FIG. 11 illustrates a cross-sectional view of an alter-
native embodiment of a pixel portion and a TFT portion.
[0056] FIG. 12 illustrates a cross-sectional view of an
embodiment of a pixel portion and a TFT portion.

[0057] FIG. 13 illustrates a cross-sectional view of an
embodiment of a pixel portion and a TFT portion.

[0058] FIG. 14 illustrates a schematic diagram of a cross-
sectional view of an experimental sample.

[0059] FIG. 15 illustrates a voltage-current characteristic
between Cu—Mn electrodes.

[0060] FIG. 16 illustrates a cross-sectional TEM image of
the experimental sample and its XEDS spectra.

[0061] FIG. 17 illustrates a schematic diagram of the
experimental sample.

[0062] FIG. 18 is a cross-sectional view of an embodiment
of an interfacial surface model of the experimental sample.
[0063] FIG. 19 is a cross-sectional view of an alternative
embodiment of an interfacial surface model.

[0064] FIG. 20 illustrates a cross-sectional view of an
embodiment of a terminal electrode structure.

[0065] FIG. 21 illustrates a cross-sectional view of an alter-
native embodiment of a terminal electrode structure.

[0066] FIG. 22 illustrates a cross-sectional view of an alter-
native embodiment of a terminal electrode structure.

[0067] FIG. 23 illustrates a cross-sectional view of an alter-
native embodiment of a terminal electrode structure.

[0068] FIG. 24 illustrates a cross-sectional view of an alter-
native embodiment of a terminal electrode structure.

[0069] FIG. 25 illustrates a cross-sectional view of an
embodiment of a pixel portion and a TFT portion.

[0070] FIG. 26 illustrates the resistance of the copper alloy
(Cu—Mn) layer.

[0071] FIG. 27 illustrates the resistance of the copper alloy
(Cu—Mn) layer.

[0072] FIG. 28 illustrates an example of a LCD drive.
[0073] FIG. 29 illustrates a propagation delay model of a
gate voltage pulse and its related brightness distribution.
[0074] FIG. 30 illustrates comparative examples showing
adhesive strength of two experimental samples.

[0075] FIG. 31 is a composition view of an interconnection
structure.
[0076] FIG. 32 is an enlarged view of a composition of an

interconnection structure.

[0077] FIG. 33 illustrates a cross-sectional view of a TEM
image for a Cu—Mn alloy sample.

[0078] FIG. 34 illustrates tape test results for evaluating the
adhesiveness of a Cu—Mn alloy sample.

[0079] FIG. 35 illustrates resistivity of Cu—Mn layer and
the thickness of the oxide layer formed on the Cu—Mn sur-
face.

[0080] FIG. 36illustrates an embodiment of a basic process
for manufacturing of TFT devices.

[0081] FIG. 37 illustrates an embodiment of a five-mask
process for manufacturing of TFT devices.

[0082] FIG. 38 illustrates a cross-sectional view of a TFT
structure manufactured with the five-mask process.

[0083] FIG. 39 illustrates a cross-sectional view of an elec-
trode terminal for an external connection.
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[0084] FIG. 40 illustrates a plan view of an embodiment of
TFT-LCD module showing pixel and TFT portions.

[0085] FIG. 41 illustrates a cross-sectional view of a TEM
image for the copper alloy sample after conducting the heat
treatment.

[0086] FIG. 42 is a composition view of an oxide covering
layer of the interconnections.

[0087] FIG. 43 illustrates thickness of an oxide covering
layer.
[0088] FIG. 44 illustrates a cross-sectional view of an

exemplary embodiment of a gate interconnection structure.
[0089] FIG. 45 illustrates a schematic diagram of an
organic EL device.

[0090] FIG. 46 illustrates a schematic diagram of an
equivalent circuit for an organic EL display device.

[0091] FIG. 47 illustrates a cross-sectional view of an
embodiment of an organic EL display device.

DETAILED DESCRIPTION OF INVENTION

[0092] Embodiments of the present invention will be
described hereinafter with reference to the accompanying
drawings, in which preferred exemplary embodiments of the
invention are shown. The ensuing description is not intended
to limit the scope, applicability or configuration of the disclo-
sure. Rather, the ensuing description of the preferred exem-
plary embodiments will provide those skilled in the art with
an enabling description for implementing preferred exem-
plary embodiments of the disclosure. It should be noted that
this invention may be embodied in different forms without
departing from the spirit and scope of the invention as set
forth in the appended claims.

[0093] Embodiments of the present invention are related to
a technique in which copper alloy is applied to electrodes and
interconnections of amorphous silicon (a-Si) TFTs forming
an active matrix LCD on a TFT substrate. First of all, the
liquid crystal display (LCD) device used for the present
invention will be described.

[0094] Referring first to FIG. 1, a cross-sectional view of a
thin film transistor liquid crystal display (TFT-LCD) module
is shown. The TFT-LCD module is composed of a LCD
display panel 1, a driver circuit 2, a backlight unit 3 and a
chassis 4. The LCD display panel 1 consists of a TFT sub-
strate 11 and a color filter (CF) substrate 12, which are posi-
tioned respectively at the lower and upper sides of the LCD
display panel 1 forming an LCD display cell.

[0095] The driver circuit 2 drives the LCD display panel 1
by providing electrical signals reached from an outside
source to the LCD display panel 1. The driver circuit 2 may
include a LCD driver LSI chip 21, a multilayer printed circuit
board (PCB) 22 and a control circuit 23. The LCD driver LSI
chip 21 is electrically coupled with a terminal electrode of the
LCD display panel 1 by an anisotropic conductive film. In
addition, a lamp 38 and a light guide plate 39 are provided on
the backlight unit 3. The chassis 4 is set to complete the LCD
module structure.

[0096] Referring next to FIG. 2, a cross-sectional view of
the LCD display panel 1 is shown. As explained above, the
LCD display panel 1 includes a pair of substrates (TFT sub-
strate 11 and CF substrate 12), arranged to face each other
with a gap in which a liquid crystal layer (LC layer) 13 is
filled. The gap is about 3 to 5 um, and the distance of the gap
is controlled by positioning a spacer 14 in the LCD display
panel 1. The liquid crystal layer 13 is liquid, and is sealed by
a surrounding seal 15. The arrangement of liquid crystal
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molecules within the liquid crystal layer 13 controls the rota-
tion of light to direct the polarized light as an optical crystal.
The liquid crystal molecules align themselves with each
other, within their physical surrounding, and with an electric
field such that they are arranged vertically or transversely
against an interface between the liquid crystal layer 13 and the
TFT substrate 11 or the CF substrate 12. This is called orien-
tation.

[0097] Asshown in FIG. 2, an orientation film 17 is applied
between the interface of the liquid crystal layer 13 and the
TFT substrate 11 or the CF substrate 12. Furthermore, polar-
izing films 18 and 19 are disposed, respectively, on outer
surfaces of the TFT substrate 11 and the CF substrate 12.
Additionally, a thin film transistor (TFT) 111, a storage
capacity (Cs) 112 and a pixel electrode 113 are placed on an
inner surface of the TFT substrate 11 forming a basic TFT-
LCD pixel. The LCD display panel 1 includes millions of
pixels placed on the TFT substrate 11 such that they are
connected in form of an active matrix through interconnec-
tions.

[0098] The CF substrate 12, which faces the TFT substrate
11, consists of a black matrix (BM) 121, a color filter (CF)
122 having three primary colors (red, green, and blue), and a
common electrode 123. In this embodiment, the common
electrode 123 is placed on the CF substrate 12. Other embodi-
ments may use an in-plane switching (IPS) nematic liquid
crystal mode, where the common electrode 123 is placed on
the TFT substrate 11, as shown in FIG. 3.

[0099] Referring back to the FIG. 2, the common electrode
123 is a transparent electrode, formed from indium tin oxide
(ITO), indium zinc oxide (IZO), or indium zine tin oxide
(ITZO). In order to extend the common electrode 123 to the
TFT substrate 11, a short portion 161 is used between the
common electrode 123 and the TFT substrate 11 after the
surrounding seal 15. Each electrode is electrically connected
to the driver circuit 2 by a connecting pad 162. In addition, the
TFT substrate 11 and the CF substrate 12 are required to be
optically-transparent, and hard glass is used as a material for
them. Incidentally, refer to U.S. Pat. Nos. 2,701,698 and
5,598,285 about the IPS nematic liquid crystal mode shown in
FIG. 3.

[0100] FIGS. 4-6 illustrate respectively a plan view, a cross
sectional-view, and a schematic diagram of an equivalent
electrical circuit for a pixel portion 31 and a TFT portion 32.
Each pixel portion 31 is connected to a gate interconnection
33 and asignal interconnection 34. Accordingly, as seen in the
plan view of the FIG. 4, the TFT portion 32 has three elec-
trodes such as a gate electrode 351, a source electrode 352 and
a drain electrode 353. The drain electrode 353 is coupled to
the pixel electrode 113 via a through hole 40.

[0101] Asshown in FIG. 5, a thin film semiconductor mate-
rial 36, such as amorphous silicon (a-Si). is disposed between
the source electrode 352 and the drain electrode 353. The gate
electrode 351 is located in proximity to the semiconductor
layer 36 but electrically insulated therefrom by a gate insula-
tor layer 37. The gate insulator layer 37 is made of silicon
nitride (SiN,) or silicon oxide (Si0,) film. In other embodi-
ments, the gate insulator layer 37 may be made from a lami-
nated or an organic layer.

[0102] As discussed before, the schematic diagram of an
equivalent electrical circuit for each pixel portion 31 is shown
in FIG. 6. Parasitic capacitors C_,, C_ and C,, are applied
respectively between the gate electrode 351 and the source
electrode 352, between the gate electrode 351 and the drain
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electrode 353, and between the drain electrode 353 and the
source electrode 352. In this equivalent circuit, the liquid
crystal layer 13, disposed between the common electrode 123
of CF substrate 12 and the TF T substrate 11, is represented by
C,.. The storage capacitor C, is connected in parallel to the C,.
capacitor to sustain the pixel electrode voltage during holding
period.

[0103] FIGS. 7-9 illustrate schematic diagram of alterna-
tive embodiments for a TFT structure made of amorphous
silicon material (a-Si). By way of example, the TFT structure
may be atop gate structure having a staggered type, a channel
stopper structure having an inverted-staggered type, or a
channel etch structure having an inverted-staggered type.
Among these embodiments, the channel etch structure shown
in FIG. 9 is the most commonly used structure.

[Gate Electrode]

[0104] Next, a technique for applying a copper alloy to a
gate interconnection of a TFT electrode will be explained. As
described above, the most commonly used configuration for
TFT structures with amorphous silicon material is the
inverted-staggered type with channel etch structure. In this
embodiment, the gate electrode 351 is deposited on a glass
substrate 11 by a sputtering method and patterns are formed
by wet etching process. Thereby, the gate electrode 351 has a
tapered shape in order to reduce mechanical stress.

[0105] Inthis embodiment, it is preferable to use an alkali-
free glass as a glass substrate. Examples of composition for
the alkali-free glass are shown below:

Component Content percentage(%)
Sio, 49.0
ALO; 11.0
B,0, 15.0
Metal (such as Fe) 25.0
Alkali —

[0106] A schematic diagram of a TFT structure using a
copper (Cu) alloy as a gate electrode is shown in FIGS. 10 and
12. In this embodiment, manganese (Mn), which is an ele-
ment for forming an alloy with copper (Cu), is used to form
the copper (Cu) alloy layer of the gate electrode 351. Next, the
process of forming an oxide layer over the gate electrode 351
is explained.

[0107] First, a Cu—Mn layer is deposited on the glass
substrate 11 by a sputtering method. The thickness of the
Cu—DMn alloy layer is about 200 nm. Then, a heat treatment
is conducted on the glass substrate 11 at temperatures ranging
form 200 to 450° C. for about 3 minutes to 50 hours in an
atmosphere containing traces of oxygen. This heat treatment
results in diffusing manganese (Mn) within the Cu—Mn alloy
layer such that an oxide layer 47 is formed at the interface
between the glass substrate 11 and a bottom surface of the
Cu—Mn layer. In other words, the bottom surface of the
Cu—DMn layer is covered by the oxide layer 47. The thickness
of the oxide layer 47 at the interface between the Cu—Mn
layer and the glass substrate 11 is about 2 to 10 nm. In fact,
manganese (Mn), which is an additional element in copper
(Cu) alloy layer, diffuses to the interface with the glass sub-
strate 11 and reacts with silicon dioxide (Si0,) forming an
oxide layer 47 containing Cu, Mn and Si. This oxide layer
may be represented by (Cu, Mn, Si1)O,. As a result of this
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oxide formation, the adhesiveness between the gate electrode
351 and the glass substrate 11 can be ensured. In addition, the
existence of manganese oxide MnO, in the oxide layer 47
may further prevent copper (Cu) from diffusing into the glass
substrate 11.

[0108] Meanwhile, on the top surface of the Cu—Mn layer,
an oxide layer 47 containing Cu and Mn, e.g. (Cu, Mn)O,, is
formed by reaction with the oxygen in the surrounding atmo-
sphere. In other words, the top surface of the Cu—Mn layer is
covered by the oxide layer 47. Incidentally, this embodiment
shows the structure where the oxide layer 47 sandwiches the
gate electrode 351. This is because both the top and bottom
surfaces of the gate electrode 351 are covered by the oxide
layer 47. In the same manner, an additional heat treatment is
conducted on the gate electrode 351 at temperatures about
200 to 450° C. in an atmosphere containing traces of oxygen
so that oxide layer 47 is formed on the tapered portions of the
gate electrode 351. In other words, the tapered portions of the
gate electrode 351 are covered by the oxide layer 47. The
overall thickness of the oxide layer 47 around the gate elec-
trode 47 is about a few nanometer.

[0109] Other embodiments may use other methods for
forming oxide layer on the gate electrode 351. For example,
after forming the gate electrode 351, three layers of SiN/a-Si/
n*a-Si which represent respectively the gate insulating layer
37 and semiconductor layers 36 and 45, are successively
deposited by plasma chemical vapor deposition (CVD) (here-
inafter simply referred to as “plasma CVD”). During this
deposition process, the substrate temperature is about 300 to
350° C., which is sufficient for applying the heat treatment.
Thus, when the substrate temperature arrives to a point
around 300 to 350° C., the substrate is placed into a plasma
CVD chamber so that the oxide layer 47 can be formed in the
atmosphere containing traces of oxygen. Therefore, at the
interface with the glass substrate 11, the oxide layer 47 is
formed in the same manner as described before.

[0110] Meanwhile, the oxide layer 47, containing Cu, Mn
and Si, (Cu, Mn, Si) O, is also formed at the interface
between the gate electrode 351 and the gate insulating layer
37. This oxide layer 47 can ensure the adhesiveness between
the gate electrode 351 and the gate insulating layer 37, and
further prevent the diffusion of Cu from the gate electrode 351
into the gate insulating layer 37. In an alternative embodi-
ment, the gate insulating layer 37 is made of SiON. In this
embodiment, Mn diffuses to the interface of the gate insulat-
ing layer 37 and reacts with oxygen in SiON and forms the
oxide layer 47. The oxide layer 47 of this embodiment even-
tually results in an oxide layer containing Cu, Mn and Si, (Cu,
Mn, S1)O,, in the same way as described in the previous
embodiment.

[0111] Since the Cu—Mn layer contains a fixed amount of
Mn which diffuses to the surfaces of the Cu—Mnu layer, due
to the heat treatment, to form the oxide layer 47, the gate
electrode 351 becomes very close to the pure Cu. For a heat
treatment at temperatures ranging from 200 to 250° C. in the
atmosphere containing traces of oxygen, the resistivity of
gate electrode 351 is about 2.2 pQ-cm, whereas the resistivity
of bulk pure Cu is about 1.7 p€2-cm. The resistivity of result-
ing gate electrode 351 is adequately lower than the resistivity
of Al. Since gate interconnections are formed with low resis-
tance gate electrodes 351, the propagation delay of the gate
voltage pulse can be reduced, therefore reducing the non-
uniformity of brightness of LCD due to shadings.
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[0112] As described above, in this embodiment, the
Cu—DMn is applied to the gate electrode 351, which is sand-
wiched between the glass substrate 11 and the gate insulating
layer 37, in other words, between different types of insulating
layers. Then, the oxide layer 47 is formed at the interface of
insulating layers 11 and 37 covering the gate electrode 351. In
this way, the oxide layer 47 prevents Cu from diffusively
intruding into the glass substrate 11 and the gate insulating
layer 37 while ensuring the adhesiveness between the gate
electrode 351 and the insulating layers 11 and 37.

[0113] In addition, the formation of the oxide layer 47
covering the gate electrode 351 results in achieving a low
resistivity close to the resistivity of pure copper and therefore
reducing the shading of displayed images.

[0114] Furthermore, whereas conventional Cu intercon-
nections use three deposited layers of Cu alloy/pure Cu/Cu
alloy, the present embodiment can use a single deposited
layer of copper alloy, e.g. Cu—Mn. Therefore, the present
invention is effective in shortening the deposition process and
reducing the manufacture cost.

[Source Electrode or Drain Electrode]

[0115] With reference to FIGS. 10-13, embodiments of the
present invention will be explained in terms of manufacturing
process for applying a copper alloy, e.g. Cu—Mn, to the
source electrode 352 or drain electrode 353 of the TFT 111
within the TFT-LCD module of the present invention.
[0116] A semiconductor layer for the present invention
includes, for example, amorphous silicon (a-Si) layer or
heavily doped amorphous silicon (n*a-Si) layer which con-
tains impurities, and the like.

[0117] As explained above, after forming the gate electrode
351, three layers including a gate insulating layer 37, e.g. SiN,
and two semiconductor layers 36 and 45 are successively
deposited over the gate electrode 351 and the TFT substrate
11. Examples of semiconductor composition, used in the
present invention, may include amorphous silicon (a-Si) or
heavily doped amorphous silicon (n*a-Si). Then, a dry etch
method is used to form a desired pattern on the gate insulating
layer 37 and the semiconductor layers 36 and 45. After the
patterning step, a copper alloy layer, e.g. Cu—Mn, is depos-
ited by a sputtering method. Using a wet etch process, desired
patterns for the source electrode 352 and the drain electrode
353 are formed. After the patterning step, a heat treatment is
applied at temperatures ranging from 200-450° C. and in an
atmosphere containing traces of oxygen. Due to this heat
treatment, an oxide layer 46 covering the source electrode
352 and the drain electrode 353 is formed. Here, the top,
bottom and side surfaces of the source electrode 352 and the
drain electrode 353 are covered by the oxide layer 46. This
embodiment also shows the structure where the oxide layer
46 sandwiches the source electrode 352 and the drain elec-
trode 353 respectively. This is because both the top and bot-
tom surfaces of the source electrode 352 and the drain elec-
trode 353 are covered by the oxide layer 46. The oxide layer
46 has a thickness of few nm and contains Cu, Mn, and Si,
(Cu, Mn, S1)0,, or Cu and Mn, (Cu, Mn)O,, depending on
which interface the oxide layer 46 is formed. At the interface
where the source electrode 352 or the drain electrode 353 has
a direct contact with the gate insulator layer 37, e.g. SiN, or
the semiconductor layers 36 and 45, e.g. a-Si or n*a-Si, the
oxygen remaining in the insulating layers 36, 37, and 45
reacts with the Mn from the Cu—Mn layer to form the oxide
layer 46.
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[0118] After the heat treatment step, a passivation layer 44
is deposited over the TFT structure 111 and the gate insulator
37 such that the source electrode 352 and the drain electrode
353 are sandwiched between the passivation layer 44 and the
semiconductor layers 45 or 36. This deposition step is per-
formed at a substrate temperature ranging from 250-300° C.
by aplasma CVD deposition process. Different embodiments
may use different composition for the passivation layer 44.
Examples of those compositions may include silicon nitride
(SiN,), silicon oxide (SiO,), silicon nitrogen oxide (SiN, O,),
or organic layer, such as polyimide with a high fluidity.
Desired pattern for the passivation layer 44 is also formed by
an etching process. As the deposition process is formed at
temperatures ranging from 250-300° C., the oxide layer 46
containing Cu, Mn, and Si, (Cu, Mn, Si)O,, can be eventually
formed at the interface between the passivation layer 44 and
the source electrode 352 or the drain electrode 353. This
additional oxide layer may have a thickness of a few nm.
[0119] In an alternative embodiment, the step of passiva-
tion layer deposition may be performed, directly after the
source and drain patterning step, without performing a heat
treatment. In this embodiment, Mn in the Cu—Mn layer
diffuses thermally due to aheat generated from the deposition
process, which is performed at a substrate temperature rang-
ing from 250-300° C. Therefore, the oxide layer 46 with a
thickness of a few nm is formed around the source electrode
352 or the drain electrode 353, as shown in FIGS. 10-13.
[0120] The resulting oxide layer 46 ensures the adhesive-
ness between the source electrode 352 or the drain electrode
353 with the insulating layers 37 or 44, as well as the semi-
conductor layers 36 or 45. In addition, the oxide layer 46
functions as a high-resistivity conducting layer, such that the
oxide layer 46 does not become an inhibitor against the ohmic
contact between the semiconductor layer 45, e.g. n*a-Si, and
the source electrode 352 or the drain electrode 353.

[0121] The high-resistivity conducting oxide layer 46 is
primarily due to the fact that Cu and Si are also diffusing
thermally from the Cu alloy layer and the surrounding semi-
conductor or insulating layers 36, 37, 44, or 45 toward the
interfacial oxide layer 46. In addition, using an aging process,
a voltage within a tens of volts range is applied to the source
electrode 352 or the drain electrode 353 so that the insulating
property of the oxide layer 46 with a few nm thickness breaks
down. As a result, the oxide layer 46 functions as a conductive
layer ensuring an ohmic contact between the source or drain
electrodes 352 or 353 and the semiconductor layers 36 or 45.
[0122] Furthermore, the source electrode 352 or the drain
electrode 353 may have low-value resistance, close to the
resistance of pure copper, in the same way described above in
regards to the gate electrode 351. This low value resistivity of
respective electrodes enables the TFT structure of the present
invention to reduce the propagation delay and its related
disadvantages. In addition, depositing a single layer of copper
alloy, e.g. Cu—Mn, in the present invention may shorten the
deposition process, having an effect of reducing cost com-
pared with the conventional ways.

[0123] Different embodiments of TFT structure may result
from the manufacturing process described above, which are
respectively shown in FIGS. 10-13.

[0124] Referring next to FIG. 10, a cross-sectional view of
an embodiment of a TFT portion 32 and a pixel portion 31 is
shown. In this embodiment, the source electrode 352 and the
drain electrode 353 are covered with the oxide layer 46. The
semiconductor layer is composed of two layers; an amor-
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phous silicon (a-Si) layer 36 and an amorphous silicon (n*a-
Si) layer 45 which is doped with an impurity at high concen-
tration. In addition, the gate electrode 351 is surrounded by
the oxide layer 47.

[0125] With reference to FIG. 11, a cross-sectional view of
another embodiment of a TFT portion 32 and a pixel portion
31 is shown. This embodiment differs from that of FIG. 10 in
that the electrode 351 is not surrounded by any oxide layer.
[0126] FIG. 12 illustrates a cross-sectional view of an alter-
native embodiment of a TFT portion 32 and a pixel portion 31.
This embodiment differs from that of FIG. 12 in that the
semiconductor layer is composed of one single amorphous
silicon layer (a-Si) 36. In addition, the gate electrode 351 is
surrounded by the oxide layer 47.

[0127] FIG. 13 illustrates a cross-sectional view of another
alternative embodiment of a TFT portion 32 and a pixel
portion 31. In this embodiment, the semiconductor layer is
composed of one single amorphous silicon layer (a-Si) 36,
however the gate electrode 351 is not surrounded by any
oxide layer 47. It has to be noted that similar effects may be
obtained in different embodiments of FIGS. 10-13 using a
microcrystal silicon as semiconductor layers 36 and 45. In
addition, the pixel electrode 113, common to the different
embodiments of FIGS. 10-13, may include, for example,
indium tin oxide (ITO), indium zinc oxide (IZ0), or indium
zine tin oxide (ITZO), and the like.

[0128] The TFT having the above-described embodiments,
FIGS. 10-13, may be manufactured in an alternative process,
described as below; First, a thin silicon oxide layer SiO,
having a thickness of about 1-2 nm is formed on a top surface
of the semiconductor layers 36 or 45 (for example, amor-
phous silicon (a-Si) or amorphous silicon doped with an
impurity at high concentration (n+a-Si)). Different process
may be used to form the silicon oxide layer SiO, of the present
invention. By way of example, an ozone oxidation method or
a plasma oxidation method may be used. According to
another embodiment of the present invention, an alternative
method is provided for forming the silicon oxide layer SiO,.
The method includes attaching a hydroxy group (—OH) on
the top surface of the semiconductor layer 36 or 45 by spray-
ing moisture vapor.

[0129] Then a copper alloy layer, e.g. Cu—Mn, is formed
over the silicon oxide layer SiO,. After forming the copper
alloy layer, a heat treatment is applied at temperatures ranging
from 200-350° C. As a result of this heat treatment, Mn from
the Cu—Mn layer migrates into the silicon oxide layer, inter-
posed between the semiconductor layer 36 or 45 and the
copper alloy layer. forming an oxide layer 46 containing Mn,
Cu, and silicon, (Mn, Cu, S1)O,. The resulting oxide layer 46
may have a thickness of a few nm and the main component of
the oxide layer 46 is MnO .

(Ohmic Contact)

[0130] The resulting oxide layer 46 may have a high-value
electrical resistance that functions as a conductive layer. This
conductive layer ensures an ohmic contact at the interface
between the semiconductor layer 36 or 45 and the source
electrode 352 orthe drain electrode 353. The source electrode
352 or the drain electrode 353 is mainly composed of copper.
[0131] Referring next to FIG. 14, a schematic diagram of a
cross-sectional view of an experimental sample is shown. The
experimental sample of FIG. 14 is manufactured using the
process explained in paragraphs [0059-0061]. An amorphous
silicon semiconductor layer doped with an impurity at high
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concentration (n*a-Si) is formed on an amorphous silicon
(a-Si) semiconductor layer. Then. a silicon dioxide layer
(810,) is formed on the top surface of the n*a-Si layer, by
using the plasma oxidation process. In this embodiment, the
thickness of the SiO, layer is about 1.5 nm. After the oxida-
tion step, a Cu—Mn layer is deposited over the SiO, layer and
patterned using an etching process in order to obtain two
Cu—DMn electrodes. After the patterning step, a heat treat-
ment is conducted at 250° C. for 30 minutes in an atmosphere
containing traces of oxygen. According to this heat treatment,
a MnO_ layer containing traces of Cu and Si is formed. The
resulting MnO, layer has a thickness about 1-2 nm, which
surrounds both of the Cu—Man electrodes.

[0132] Then, voltage is applied between the two Cu—Mn
electrodes of the experimental sample, to measure the elec-
trical current there between. FIG. 15 illustrates the current-
voltage (I-V) characteristic of the experimental sample. As
shown in FIG. 15, the current-voltage characteristic between
the Cu—Mn electrodes is substantially linear within +10
volts. More particularly, an ohmic contact is obtained
between the Cu—Mn electrodes when the applying voltage is
within +5 volts. Accordingly, the metal-semiconductor con-
tact, formed between the Cu—Mn electrodes and the n*a-Si
semiconductor layer, represents an ohmic contact character-
istic when the applied voltage between the Cu—Mn elec-
trodes is within =10 volts. These results will apply to the TFT
structure of the present invention where the ohmic contact is
formed between the source or drain electrodes 352 or 353 and
the semiconductor layers 36 or 45.

[0133] In the TFT structure of the present invention, it is
necessary to obtain an stable connection within pixels of the
TET-LCD module. Therefore, it is desirable to obtain an
ohmic contact between the source or drain electrodes 352 or
353 and their corresponding semiconductor layers 36 or 45.
In different embodiments of present invention, the source and
drain electrodes 352 and 353 are mainly composed of Cu,
which are covered by the oxide layer 46. The oxide layer 46 is
mainly composed of MnOx with a high-value electrical resis-
tivity to ensure the realization of ochmic contacts within the
TFT structure.

[0134] A cross-sectional TEM image of the experimental
sample with its XEDS spectra is shown in FIG. 16. The
sample surface (1) shows the formation of a MnO_ layer of
few nm in average thickness. In addition, the interface with
n*a-Si layer shows another MnO_ layer of few nm in average
thickness. The XEDS spectra of FIG. 16 are taken from (1) the
surface layer of the experimental surface, (2) the Cu—Mn
inside layer, (3) the MnO, layer formed at the interface with
the n*a-Si layer, and from (4) the n*a-Si inside layer.

[0135] A weak Si peak is observed in both (1) and (2)
spectra. This is mainly due to the excitation of the Si peak
from the dead layer of the XEDS detector. Thus, a weak Si
peak in both spectra should be neglected. In addition, the Cu
peak in spectra (1) is mainly due to the radiation of electron
beam in the Cu—Mn layer. Therefore, the Cu peak in spectra
(1) should be neglected. The XEDS analysis shown in FIG. 16
(1) confirms that the surface layer consists of Mn and O,
indicating the formation of the upper surface MnO_ layer. The
spectrum from the Cu—Mn inside layer in FIG. 16 (2) shows
no Si and Mn, indicating that Mn atoms are expelled from the
Cu—DMn layer and the Cu—Mn electrodes of the experimen-
tal sample are mainly made of Cu. FIG. 16 (3) shows Si, Mn,
and Cu peaks, indicating the formation of a MnO, layer at the
interface with the n*a-Si layer. The spectrum from the n*a-Si
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inside layer in FIG. 16 (4) shows only Si peaks, indicating a
good diffusion barrier property of the MnO, layer at the
interface with the n*a-Si layer.

[0136] The XEDS spectra of FIG. 16 are taken from (1) the
surface layer of the experimental surface, (2) the Cu—Mn
inside layer, (3) the MnOx layer formed at the interface with
the n*a-Si layer, and from (4) the n*a-Si inside layer. In
summary, Mn mainly exists in the surface layer of the experi-
mental sample (1) forming a MnO, layer The amount of Mn
in the Cu—Mn inside layer (2) and the MnOx layer formed at
the interface with the n*a-Si layer (3) are substantially the
same. The MnOx layer at the interface with the n*a-Si layer is
extremely thin. A schematic diagram of the experimental
sample zoomed at the Cu—Mn electrode with its respective
interfaces is shown in FIG. 17.

[0137] Referring next to FIG. 18, a cross-sectional view of
an interfacial surface model of the experimental sample is
shown. The interfacial surface model of FIG. 18 is obtained
according to the experimental results conducted on the
experimental sample and explained through FIGS. 14-17. As
shown in FIG. 18, after depositing a n*a-Si layer 6 over the
a-Si layer 5, a plasma oxidation method is used to form an
extremely thin, e.g. 1-2 nm, SiOx layer 7. Then, the Cu—Mn
layer 9 is formed on the SiO, layer 7. After depositing the
Cu—DMn layer 9, a heat treatment is conducted at about 200-
350° C. on the stacked layers. As a result of this heat treat-
ment, oxide layers 8 and 10 are formed respectively at the
interface with the n*a-Si layer 6 and the surface layer of the
Cu—DMn layer 9. The main element of the oxide layer 8 is Mn,
but other elements such as Cu and Si are also included in its
composition. In addition, the oxide 8 may have a thickness of
about 2 to 3 nm. The oxide layer 10 formed on the top surface
of the Cuo—Mn layer 9 is composed of MnO,.

[0138] According to the experimental results explained in
FIGS. 14-15, an ohmic contact at the interface between the
Cu—Mn layer 9 and the n*a-Si layer 6 may be realized,
despite the existence of the oxide layers 7 and 8 with a total
thickness of about 5 nm. In other words, generally, in a case
where an oxide layer is interposed between a metal layer and
a semiconductor layer, there is a possibility that the metal-
semiconductor becomes a Schottky contact or an ohmic con-
tact. However, the metal-semiconductor contact pertaining to
the resent invention is confirmed to be an ohmic contact.
Therefore, the source electrode 352 and the drain electrode
353 of TFT structures pertaining to the present invention may
represent the linear current-voltage characteristic of an ohmic
contact. FIG. 19 illustrates a cross-sectional view of an alter-
native embodiment of an interfacial surface model of the
experimental sample. This embodiment differs from that of
FIG. 18 in that the MnO, layer 8 and the SiO, layer 7 are
merged together. As Cu and Si may diffuse from Cu—Mn
layer 9 and SiO, layer 7 or n*a-Si layer 6 into the MnO, layer
8, the resulting oxide layer 8 may also contain Cu and Si.
[0139] In what follows a technique for applying the Cu
alloy to a terminal electrode of the LCD display panel 1 will
be explained. Referring back to FIG. 1, a terminal electrode is
used to connect the LCD display panel 1 to the driver circuit
2, viathe LCD driver LSI chip 21. In the TFT-LCD module of
the present invention, the terminal electrodes associated with
the gate interconnection 33 and the signal interconnection 34
(see FIG. 4) are made of copper alloy, e.g. Cu—Mn. As will
be described further below, the terminal electrodes made of
copper alloy are covered by an oxide layer formed during
manufacturing process.
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[0140] Different embodiments of terminal electrode struc-
ture are shown in FIGS. 20-24. In these embodiments, the
terminal electrode 66 is covered by an oxide layer 47, which
is mainly composed of manganese (MnOx). Additionally, the
oxide layer 47 may also include copper (Cu) or silicon (Si)
and the like, which makes the terminal electrode 66 more
stable in the atmosphere. With regard to the connectivity with
the driver circuit 2, since the oxide layer 47 has a thickness of
about a few nm, sufficient conductive properties may be
obtained through the contact portions by thermo-compres-
sion bonding or voltage application. Furthermore, when the
oxide layer 47 is formed on the TFT substrate 11, e.g. glass,
the terminal electrode 66 may obtain a sufficient adhesiveness
with the TFT substrate 11.

[0141] With reference to FIG. 20, a cross-sectional view of
an embodiment of a terminal electrode 66 is shown. In this
embodiment, the layered structure on top of the terminal
electrode 66 includes three layers: the gate insulating layer
37, the passivation layer 44, and a transparent electrode 71.
The transparent electrode 71 may includes materials such as
indium tin oxide (ITO), indium zinc oxide (IZ0), or indium
zine tin oxide (ITZO). The embodiment of FIG. 20 is gener-
ally used in order to ensure a good environmental resistance.
The sufficient conductivity property of this embodiment is
ensured by applying voltage between the transparent elec-
trode 71 and the terminal electrode 66.

[0142] Incidentally, in a case of manufacturinga TFT struc-
ture, as shown in FIG. 25, the existing manufacturing process
may be used for manufacturing the terminal of the present
invention. Therefore, it is possible to conduct the same manu-
facturing process within different cycles of production with-
out drastically changing the manufacturing process. Further-
more, the oxide layer 47 can prevent Cu from intruding into
the transparent electrode 71 providing a terminal structure
with an excellent environmental resistance.

[0143] Referring next to FIG. 21, a cross-sectional view of
another embodiment of a terminal electrode 66 is shown. This
embodiment differs from that of FIG. 20 in that the transpar-
ent electrode 71 is removed from the terminal electrode struc-
ture. In this embodiment, the oxide layer 47 may have a
thickness about 10 to several tens of nm where the environ-
mental resistance is still ensured. In addition, the terminal
electrode 66 of this embodiment is made by a single layer of
copper (Cu) alloy material, e.g. Cu—Mn. Further, the elec-
trical connection with an anisotropically-conductive layer
may be achieved by a thermo-compression bonding.

[0144] FIG. 22 illustrates a cross-sectional view of an alter-
native embodiment of a terminal electrode 66. In this embodi-
ment, the passivation layer 44 and the transparent electrode
71 are both present in the terminal electrode structure. How-
ever, the gate insulating layer 37 is removed.

[0145] With reference to FIG. 23, a cross-sectional view of
another alternative embodiment of a terminal electrode 66 is
shown. This embodiment differs from that of FIG. 20 in that
all three insulating layers including the gate insulating layer
37, the passivation layer 44, and the transparent electrode 71
are removed from the top surface of the terminal electrode 66.
Similar to the embodiment of FIG. 21, the environmental
resistance is ensured by the oxide layer 47, which has a
thickness about 10 to several tens of nm. The sufficient con-
ductive property is obtained by the thermo-compression
bonding. Additionally, the terminal electrode 66 is made from
a single copper (Cu) alloy layer.
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[0146] A cross-sectional view of yet another embodiment
of aterminal electrode 66 is shown in FIG. 24. In this embodi-
ment, the gate insulating layer 37 and the transparent elec-
trode 71 are both removed from the terminal electrode struc-
ture.

[Cu Alloy]

[0147] In the following paragraphs, an additional element
of copper alloy, which is applied to the TFT-LCD module of
the present invention, will be described. In various embodi-
ments of the present invention, the copper alloy with its
additional element is applied to the gate interconnection 33,
the signal interconnection 34, the gate electrode 351, the
source electrode 352, and the drain electrode 353 of the
TFT-LCD module. The additional element of copper alloy is
a metal element which has an oxide formation free energy,
which is negatively greater than the oxide formation free
energy for Cu. In addition, the additional element of copper
alloy has a diffusion coefficient, higher than the self-diffusion
coefficient of copper (Cu).

[0148] Since the diffusion coefficient of the additional ele-
ment is higher than the self-diffusion coefficient of copper
(Cu), the additional element may reach copper (Cu) alloy
surfaces faster than other elements. Therefore, an oxide cov-
ering layer composed of the additional element may be pref-
erably formed on the Cu alloy surfaces.

[0149] That is, in a case where the diffusion coefficient of
the additional element is smaller than the self-diffusion coef-
ficient of copper (Cu), a considerable amount of time is
needed for the additional element to reach the Cu alloy sur-
faces. As aresult, Cu oxide covering layer such as CuO, Cu,O
and the like is formed on the Cu alloy surfaces.

[0150] Since the Cu oxide covering layer does not show a
strong barrier property, oxygen atoms may intrude into the
inside of the copper (Cu) alloy layer forming an oxide com-
posed of the additional element inside of the copper (Cu)
alloy layer. In this case, the metal status of copper (Cu)
gradually decreases, therefore, the electrical resistance of
interconnections increases in the TFT-LCD modules.

[0151] In order to solve the above mentioned problems, the
additional element of the copper (Cu) alloy layer is chosen, in
the present invention, such that the additional element has a
higher diffusion coefficient compared to the self-diffusion
coefficient of copper (Cu).

[0152] Next, the additional element existing in the copper
alloy layer of the present invention will be described. The
additional element of the copper alloy layer is in a solid
solution status and the additional amount is preferably within
the range of 0.1 to 25 atom %. More preferably, the additional
amount is within the range of 0.5 to 15 atom %. The most
preferable additional amount of the additional element in the
copper (Cu) alloy layer is 0.5 to 5 atom %. It has to be noted
that, in a case where the additional element ofthe copper (Cu)
alloy layer is not in a solid solution status, the diffusion of the
additional element would be difficult. Especially, in a case
where the additional element and the copper (Cu) from the
copper (Cu) alloy layer form intermetallic compounds, the
diffusion of the additional element would be very slow.

[0153] Furthermore, when the additional element of the Cu
alloy layer is less than 0.1 atom %, the oxide covering layer
will become too thin in order to prevent the copper (Cu)
oxidation process. Meanwhile, the additional element of the
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Cu alloy layer is over 25 atom %, the solid solubility status of
the additional element may be separated out at normal tem-
peratures.

[0154] The additional element of the copper (Cu) alloy
layer, pertaining to the embodiments of the present invention,
is at least one metal element selected from the group of Mn,
Ze, Ga, Li, Ge, Sr, Ag, In, Sn, Ba, Prand Nd. In addition, the
additional element of the copper (Cu) alloy layer is at least
one metal element, preferably, selected from the group of Mn,
Zn and Ga. Each additional element may be independently
used in the copper (Cu) alloy layer while more than one
additional element may also be used at the same time. In
particular, it is most preferable that the additional element of
copper (Cu) alloy layer is manganese (Mn). It has to be noted
that, even though impurities such as S, Se, Te, Pb, Si and the
like may get mixed inevitably into the copper (Cu) alloy layer,
these impurities are allowed as long as they do not cause any
degradations of different characteristics, such as the electrical
conductivity and the tension strength of the copper (Cu) alloy
layer.

[0155] Embodiments of the present invention are not lim-
ited to a specific process for forming the copper (Cu) alloy
layer. Therefore, plating process such as electrolytic plating
process or the dissolution plating process and the like, may be
used to form the copper (Cu) alloy layer. Additionally, physi-
cal vapor deposition process such as the vacuum deposition
process, the sputtering process, and the like may also be used.
By conducting a heat treatment to the copper (Cu) alloy layer,
formed as described above, the oxide covering layer will be
formed.

[0156] The heat treatment is applied at temperatures rang-
ing from 150 to 400° C., preferably from 150 to 350° C., and
more preferably from 150 to 300° C. It has to be noted that,
although independent heat treatments are possible for form-
ing different interconnections of the Cu—Mn layer, these
independent heat treatments may preferably be omitted from
the manufacturing process. This is mainly because the CVD
process is conducted at temperatures ranging from 150 to
400° C. when a passivation layer 44 is formed on the copper
manganese (Cu—Mn) layer. Further, it is preferable to con-
duct the CVD process at temperatures ranging from 150 to
300° C. At this temperature zone, it is sufficiently possible to
form the copper manganese (Cu—Mn) interconnections
while the recent demands for decreasing the CVD’s tempera-
ture process is also met.

[0157] The heat treatment is conducted for a time from 2
minutes to 5 hours. When the heat treatment is conducted at a
temperature less than about 150° C., the formation of the
oxide covering layer becomes slow, therefore the productivity
of manufacturing line reduces. Meanwhile, when the heat
treatment is conducted at a temperature above 450° C., the
copper (Cu) oxidation process for forming the oxide covering
layer starts before the additional element diffuses and reaches
the surface of the copper (Cu) alloy layer. Inaddition, in a case
where the heat treatment time is applied for less than 2 min-
utes, the thickness of the oxide covering layer may become
too thin. Meanwhile, for a heat treatment applied over 5
hours, the oxide covering layer’s formation time may become
too long.

[0158] Next, the resistivity reduction of copper manganese
(Cu—Mn) layer, which is the preferable copper (Cu) alloy
layer of the present invention, will be discussed. As described
further above, by applying a heat treatment, the copper man-
ganese (Cu—Mn) layer becomes an interconnection or elec-
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trode body mainly made of copper while a manganese oxide
(MnO,) layer covers the interconnection or electrode body.
FIG. 26 illustrates the resistance change of the Cu—Mn layer
at 350° C. with heat treatment time in various atmosphere of
Ar plus a ppm level of oxygen.

[0159] In order to measure the resistance of the Cu—Mn
layer, the oxide layer containing copper (Cu) and manganese
(Mn) is removed from the top surface of the Cu—Mn layer
such that the interconnection body is exposed. Then, the
electrical resistance of the copper (Cu) interconnection body
is measured. As shown in FIG. 26, the resistance value
decreases rapidly with heat treatment time in all atmospheres,
and is found to almost saturate after 1500 sec. In Ar +50 ppm
of oxygen, a low resistivity of 2.2 uQ-cm is obtained at 4000
sec. This resistivity is very close to the resistivity of pure
copper (1.7 p€2-cm) in bulk material. In this way, an accept-
able value for realizing a low resistivity interconnection body
for improving image quality of the TFT-LLCD module may be
obtained.

[0160] The low resistivity of the interconnection body,
which is closed to the resistivity of pure copper (Cu), is
mainly obtained due to the fact that the majority of manga-
nese atoms are expelled from the copper manganese (Cu—
Mn) layer by the heat treatment.

[0161] Referring next to FIG. 27, the resistance change of
the Cu—Mn layer with heat treatment time in Ar atmosphere
at 150, 250, 300, 350, and 400° C. is shown. Note that Ar gas
contains a trace amount (0.01 ppm) of oxygen. As shown in
FIG. 27, the resistivity value of the interconnection body is
saturated to a low value after about 200 sec for all tempera-
tures. This result means a short process time, which is effi-
cient in manufacturing the TFT-L.CD module of the present
invention.

[Shading]

[0162] Next, a shading reduction effect, which is one of the
main features of the present invention, will be explained. The
realization of low resistance interconnections leads to the
reduction of the shading effect, thereby improving the image
quality of the LCD display. First, the operation ofa TFT-LCD
module with regard to the shading effect will be described.
The LCD display device of the present invention contains a
large number of several pixels positioned in a matrix array
(AM-LCD).

[0163] Asanexample, in the case of TFT-LCD modules for
digital TV transmissions, the number of pixels on the LCD
display are (1920x3)x1080 with a full high definition (HD)
configuration. Since one pixel element is composed of three
primary colors (red, green and blue), the number of pixels
across the screen (1920) is multiplied by three, providing a
total number of 5760 pixels or signal lines across the LCD
display. The number of rows of pixels or scanning lines down
the LCD display is 1080. In the TFT-LCD module of this
embodiment, a gate voltageV ; is applied to the gate electrode
of the TFT associated with each pixels of the LCD display.
The value of the gate voltage V ; is usually set to be about 10
to 15V.

[0164] Meanwhile, a signal voltage V is applied to the
source electrode of the TFT such that the gate electrode pulse
functions as scanning signals or lines. In the case where a
frame frequency/rate of the display is set to be 60 Hz, the
frame time for displaying each image on the display would be
16.7 ms. Meanwhile, where the 1080 scanning lines are
scanned by a progressive scanning, the gate electrode pulse
width would be set to 16 ps.

[0165] As shown in FIG. 28, the pulse period of the gate
electrode is about 16.7 ms while the pulse width 1s about 16
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us. Meanwhile, in the case where a LCD drive voltage V,_ is
set to be about 5V, the signal voltage Vs applied to the source
electrode is to be about 10V, meaning that the voltage ampli-
tude of Vs is doubled in value in order to drive the liquid
crystal display layer. FIG. 28 illustrates an embodiment
showinga LCD drive waveform in a frame inversion mode. In
this embodiment, the difference between the signal voltage
Vs and a common voltage V._,,,, which is applied to the
common electrode 123 of the TFT-LCD module, is defined as
a drive voltage for the liquid crystal layer V (t). The polarity
of the drive voltage for the liquid crystal layer V(1) is
reversed at each frame to obtain an alternate current.

[0166] In this way, the penetration efficiency of the LCD
display creates a voltage modulation on the signal voltage Vs
to modulate the brightness of the LCD display. In addition,
during the period when the gate voltage pulse is off the drive
voltage for the liquid crystal layer V(t) is held. The time
period for which the gate voltage pulse is off is about 16 ms,
which is substantially the same as frame time.

[0167] The drive voltage for the liquid crystal layer V(1)
may have two main status: 1) a write status and 2) a hold
status. In addition, the penetration efficiency of the LCD
display depends on effective values of the drive voltage for
the liquid crystal layer V (t). Therefore, the LCD drive volt-
age V,_ is defined according to the following formula:.

27f

1
ﬁ fr:o [Vp(2) = Veom]® dt

< Vlc > nms =

Wherein the LCD drive voltage V. is proportional with the
Root Mean Square of the drive voltage for the liquid crystal
layer V 4(t).

Here, a switching time of an a-Si TFT drives a capacity load
and the mobility of the a-Si is smalllike 0.3 to 1.0 cm®/V sec.
Therefore, the order of the switching time is ps. Accordingly,
during the gate voltage pulse width 16.7 ps, it takes a few ps
to turn on the switch of the TFT.

[0168] In addition, since the liquid crystal layer 13 func-
tions as a capacity load, it causes some delay in the applica-
tion of the signal voltage Vs. Thereby, causing some delay in
arising edge of the drive voltage for liquid crystal layer V 4(1).
Further, in the TFT-LCD module for a TV with the full HD
configuration, 5760 pixels are positioned in one row. The gate
voltage pulse is, then, applied to end portions of the gate
interconnections, and a plurality of TFTs which are all posi-
tioned in one row become energized simultaneously.

[0169] At this point, the gate voltage pulse is propagated
from the end portions to the gate electrode of each pixels. The
propagation speed delays when the resistance and the para-
sitic capacitance of the gate interconnections increase. This is
called propagation delay of the gate voltage pulse. When the
propagation delay increases, sufficient time for writing the
LCD drive voltage V,_ may not be obtained. As a result, it
becomes impossible that the LCD drive voltage V. for each
pixel achieve a predetermined value. For this reason, the
penetration efficiency of the liquid crystal layer becomes
uneven. That is, the brightness of the display becomes
uneven, which causes shadings in the LCD display. Surely,
such unevenness causes shadings, in the same way as
described above, in the in plane switching (IPS) vertically
aligned (VA) liquid crystal display devices.

[0170] With reference to FIG. 29, a propagation delay
mode] for the gate voltage pulse and its related brightness
distribution is shown. Each pixel of the gate interconnections
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may be equivalently represented using a resistance R and a
parasitic capacitance C. The delay of the gate voltage pulse of
RC in each element is accumulated, so that the propagation
delay reaches a few pm at the termination node n3760.
[0171] As shown schematically in FIG. 29, the brightness
of the LCD display device, which is normally in a white
mode, gradually changes along with the gate interconnec-
tions. Therefore, the LCD drive voltage V,, at the termination
node n5760 does not arrive to a sufficient value, so that the
primary black display may not be shown, but a bright display
will be shown instead. Accordingly, by decreasing the resis-
tance of the gate interconnection, the propagation delay of the
gate voltage pulse will be reduced. As a result, itis possible to
prevent the unevenness of the brightness in the LCD display,
thereby preventing the shading effect.

[0172] In the present invention, as shown in FIG. 29, the
shading may be reduced by using the copper interconnections
having a low resistance value close to resistance value of the
pure copper.

[0173] Meanwhile, since the number of nodes in the signal
interconnections is 1080, so the problem related to the propa-
gation delay in the signal interconnections is not as severe as
in the case of the gate interconnections. However, in accor-
dance with increasing of display sizes in the LCD panels, the
propagation delay in the signal interconnections may reach a
value about 1 to 3 us which is not negligible. Therefore,
reducing the propagation delay is efficient for decreasing
unevenness of the brightness in the LCD display panels. This
may achieve, according to the embodiments of the present
invention, by applying a copper alloy, in particular Cu—Mn,
as an interconnection materials to both the gate and signal
interconnections.

[Adhesiveness with Glass]

[0174] Next, the adhesiveness between the copper alloy,
e.g. Cu—Mn, and insulating layers, in particular glass, will be
explained. As explained previously, thin layer of interconnec-
tions and electrodes, formed by the copper alloy such as
Cu—DMn, are covered with oxide layers which are formed by
conducting a heat treatment.

[0175] In the LCD devices, it is required for the intercon-
nections and the electrodes to have an excellent adhesiveness
with the glass substrate and other insulating layers, present in
the LCD structure. The adhesiveness is generally evaluated
by a tape test. Table 1 shows the adhesiveness, obtained using
the tape test results, for three different materials at various
temperatures.

TABLE 1
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[0176] For athin layer of pure copper Cu (150 nm), formed
on an insulating layer, e.g. Si0O,, some stripping was found
and the adhesiveness was defective for all temperatures.
Meanwhile, in the case of both Cu/Mn double laminated
layers, the heat treatment causes the interdiffusion of Cu and
Si at the interface with SiO, layer, wherein an oxide layer is
formed. The composition formula of the oxide layer is Cu,M-
1,510 (0<X<Y, 0<Z<Y). Therefore, an excellent adhesive-
ness with the insulating layer SiO, may be obtained.

[0177] As for the tape test method for evaluating the adhe-
siveness, a tape was applied to a Cu thin layer surface, then a
stripping status of the thin Cu layer was evaluated when the
tape was peeled off. The tape was pressed by nails so as to be
adhered onto the Cu thin layer surface and then the tape was
peeled off.

[0178] This process was repeated about ten times on the
same portion ofthe Cu thin layer in order to verify whether the
Cu thin layer is adhered to the substrate. Using this process,
the results of the tape test method were analyzed in detail.
[0179] According to these results, in the case of the both
Cu/Mn double laminated layers, low electrical resistance was
shown by conducting heat treatment at temperatures greater
than or equal to 200° C. Meanwhile, with regard to the adhe-
siveness, a partial stripping was observed after heat treatment
at a temperature of about 150° C. When heat treatment was
conducted at 250° C., excellent adhesiveness was observed
for various heating periods. Examples of those heating peri-
ods may include 3 minutes, 30 minutes, one hour, 20 hours
and 100 hours in heating time. Similarly, excellent adhesive-
ness was observed for heat treatment conducted at tempera-
tures of about 350° C.

[0180] Referring next to FIG. 30, comparative examples
illustrating the adhesive strength of two samples at their inter-
face with an insulating layer are shown. The first sample used
for measuring the adhesive strength is based on Cu-4 atom %
Mn alloy deposited on a SiO, substrate (Cu—Muw/SiO,). A
heat treatment is conducted at temperatures of about 400° C.
for 30 minutes. The second sample is based on a case where
Ta, which is often used for semiconductor interconnections, is
interposed between the pure Cu and the SiO, substrate. The
adhesive strength is measured by a nano-scratch method. In
the lateral axis, time for scratching a distance of six microme-
ters is plotted, which corresponds to scratching speed. The
vertical axis is critical normal force at which a force signal of
film delamination was detected, indicating the adhesive
strength. It is shown that Cu—Mn/SiO, requires a greater

An example of the tape test results for pure Cu and two
Cu/Mn double layered on the insulating layer SiO.,

Heat treatment temperature (° C.)

Material (thickness nm)

150°C. 200°C. 250°C. 300°C. 350°C. 400°C. 450°C.

Cu (150 nm) X X X X X
Cu (150)/Mn (2) A 9] O O 0
laminated layers

Cu (150yMn (20) A O O O O

laminated layers

X
O

O

O+ excellent adhesiveness
X: stripping was observed (adhesiveness is defective)
A: partial stripping was observed
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force and, thus, has a higher adhesive strength compared with
Cu/Ta/Si0, for all scratching speeds.

[0181] Referring now to FIGS. 31-32, an example of
atomic concentration is shown as a function of distance from
the top surface of the Cu interconnection. According to results
from FIGS. 31-32, the oxide layer formed at the interface
between the insulating layer SiO, and the Cu interconnec-
tions or electrodes is amorphous and has a composition rep-
resented by the following formula: Cu,Mn,SiO. Accord-
ingly, by forming the oxide layer mainly composed of Mn at
the interface, the interdiffusion between the Cu interconnec-
tions and the insulating layer may be prevented. In addition,
the concentration of Cu and Si changes continuously across
the interface with the interfacial oxide layer. Therefore, it is
thought that the excellent adhesiveness may be achieved.
[0182] Accordingly, a LCD device and a method for its
manufacturing may be provided. The LCD device can prevent
the oxidation of the interconnection materials by forming
oxide covering layers which have excellent adhesiveness with
semiconductor layers or pixel electrodes. In addition, the
LCD device may be provided with interconnections, elec-
trodes or terminal electrodes (especially, source electrodes or
drain electrodes) with high conductivity. Further, it is pos-
sible to form interconnections and electrodes or terminal
electrodes according to various embodiments of the present
invention, using the actual manufacturing process while solv-
ing simultaneously the above-mentioned problems.

[0183] FIG. 33 shows a cross-sectional view of a TEM
image for a Cu—Mn alloy sample after a heat treatment is
conducted at temperatures of about 250° C. for 10 minutes.
The upper portion of the FIG. 33 shows the Cu—Mn alloy
layer, while the lower portion shows the glass substrate. At the
interface between both layers, a reaction layer having a uni-
form contrast maybe observed. According to the results of the
analysis by an X-ray energy dispersive spectrometer (XEDS)
attached to the TEM, the reaction layer is an oxide layer
mainly composed of Mn. The formation of this oxide at the
interface of both layers is the main reason for improving the
adhesiveness.

[0184] Inorder to reduce the resistance of the oxide layer, it
is mostly preferable to add Mn in efficient quantities. For
example, in a case where a heat treatment is conducted at
temperatures of'about 250° C. for 10 minutes to an alloy layer
having a thickness of about 200 nm, an interface oxide layer
having a thickness of about 6 nm is formed. The amount of
Mn contained in the interfacial oxide layer is about 50%. This
is equivalent to the existence of pure Mn having a thickness of
about 3 nm. Therefore, the amount of Mn added to the alloy
layer is about 3/200 in volume ratio. In light of the concen-
trations of Cu and Mn, Cu-(1 to 2) atom % Mn is the most
preferable. When the alloy layer has a thickness of about 100
nm, the concentration of Mn should be twice the concentra-
tion of Mn when the alloy layer has a thickness of about 200
nm. On the other hand, when the alloy layer has a thickness of
about 300 nm, the concentration of Mn should be %5 times of
the amount when the alloy layer has a thickness of about 200
nm.

[0185] Inthe present embodiment, Cu-4 atom % Mn alloy
is deposited on the glass substrate using a sputtering method.
Then, a heat treatment is conducted at temperatures ranging
from 150 to 350° C. in a pure argon atmosphere for a period
of about 10 to 60 minutes. Next, scotch tapes were adhered to
the alloy thin layer surfaces of both samples, where one of
which is subjected to the heat treatment after the deposition
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steps, and the other is not subjected to the heat treatment. By
peeling the tape from the surface, it is evaluated whether the
thin layer is stripped or not (Tape test). As a result, the alloy
thin layer in which the heat treatment was not conducted is
stripped off from the glass substrate.

[0186] Referring next to FIG. 34, tape test results for evalu-
ating the adhesiveness of a Cu—Mn alloy after depositing on
a glass substrate and conducting a heat treatment at various
temperatures and heating period are shown. In this figure, X
indicates a case where the stripping was observed, A indicates
a case where the stripping was sometimes observed, and O
indicates a case where the stripping was not at all observed.
Incidentally, the stripping was observed for all conditions
(temperature and time) when a pure Cu layer was used. It has
to be noted that, in this embodiment, no stripping was
observed when the heat treatment was conducted at tempera-
tures of equal or greater than 250° C. for all heating period.
Meanwhile, as shown in FIG. 34, when the heat treatments is
conducted at temperatures of about 200° C. for not less than
20 minutes or is conducted at temperatures not less than 250°
C. for not less than 10 minutes, the alloy thin layers are
adhered to the glass substrate. When the same tape test is
conducted with a pure thin Cu layer, stripping is observed for
all heat treatment conditions. Accordingly, it was turned out
that an excellent adhesiveness against the glass substrates
may be achieved by conducting a heat treatment at not less
than 200° C. with the Cu—Mn alloy sample.

[0187] Incidentally, when Cu alloy contains Mn in an
excessive amount, which is more than the amount needed to
form the interfacial oxide layer, the heat treatment should be
conducted in a highly-pure Ar gas (the oxygen concentration
is not more than 0.1 ppm) containing oxygen as an inevitable
impurities. With reference to FIG. 35, measurement results
representing resistivity of a Cu—Mn layer and thickness of
the oxide layer formed on the Cu—Mn surface are shown. It
has to be noted that these measurements were taken after
conducting a heat treatment at a temperature of about 350° C.
to the Cu—Mn layer. As shown in FIG. 35, Mn left in the
Cu—DMn alloy layer after forming the interfacial oxide layer
reacts with oxygen, which is not more than 0.1 ppm in the
pure Ar, and forms oxide on the surface thereby being enabled
to get out of the Cu—Mn alloy layer. According to the results
shown in FIG. 35, the resistance of Cu—Mn layer may
decrease in accordance with the growth of Mn oxide layer on
the surface. The resistance after 30 minutes heat treatment
may decrease to a value, which is almost equal to the resis-
tance value of pure Cu. According to the results taken by
XEDS, Mn concentration was not detected in the alloy layer.
Accordingly, in this embodiment, the excess amount of Mn
from the Cu—Mn alloy layer can be completely eliminated
by forming the Mn oxide layer on its surface.

[Manufacturing Process]

[0188] With regard to the liquid crystal display (LCD)
devices of the present invention, manufacturing process for
forming the oxide layers relating to copper alloy and their
interconnections will be explained. The copper alloy is used
as interconnection materials and electrode materials for TFT-
LCD devices.

[0189] FIG. 36illustrates an embodiment of a basic process
for manufacturing of TFT devices. First, a thin layer 51,
which consists of a metal, a semiconductor and an insulator
layers, is formed. Then, the thin layer 51 is patterned, by
photolithography and etching methods, using a photo mask
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52 and aresist 53. A sputtering method is used for depositing
the metal layer, while a Chemical Vapor Deposition (CVD) is
used for depositing the semiconductor and the insulating
layers. Examples of etching methods may include a dry etch-
ing method or a wet etching method. The wet etching is
generally used for metals which are used in interconnections.
The etching process is repeated four to five times for manu-
facturing TFTs.

[0190] Referring next to FIG. 37, an embodiment of a five
mask processes for manufacturing of TFT devices is shown.
The order of manufacturing process is given as follows: (1)
mask 1; patterning the gate by a wet etching method, (2) mask
2; three layers of SiN/a-Si/n*a-Si are processed altogether
using a dry etching method, (3) mask 3; patterning the source/
drain electrodes using a wet etching method, (4) mask 3;, a
dry etching method is conducted to an amorphous silicon
(n*a-Si) containing impurities so as to form a channel struc-
ture, (5) mask 4: patterning a SiN layer, which is a passivation
layer (protective layer), (6) mask 5; patterning the Indium Tin
Oxide (ITO) layer, which is a transparent electrode. Accord-
ingly, a TFT structure is manufactured.

[0191] FIG. 38 illustrates a cross-sectional view of the TFT
structure manufactured with the five-mask process. As shown
in FIG. 39, in the gate terminal portion, which is an external
electrode, laminated structures are formed using a metal and
an ITO layers. FIG. 40 illustrates a plan-view of TFT-LCD
module showing pixel portions and TFT portions.

[0192] The additional element in the copper alloy layer,
pertaining to the present invention, has an oxide formation
free energy which is negatively greater than the oxide forma-
tion free energy for an element in an oxide layer. Accordingly,
an oxide covering layer can be formed by reducing the oxide
described above. Further, in an oxidation atmosphere, an
oxide covering layer may be formed without reducing the
oxide.

[0193] The Cu alloy, used as the interconnection and elec-
trode materials of the TFT-LCD module of the present inven-
tion, is in contact with an insulating layer containing oxygen.
As aresult, the additional element of Cu alloy diffuses toward
the interface and the additional element is oxidized so as to
form the interface oxide layer.

[0194] Further, each of the elements contained in the insu-
lating layer, Cu, and the additional element in the Cu alloy
layer, respectively, forms an oxide so as to form a composite
oxide layer. For example, in a case where the TFT substrate
contains an oxide such as Si0, and the like, the gate intercon-
nections of the Cu alloy are formed on the substrate and then
a heat treatment is conducted. As a result, the additional
element in the Cu alloy forming the gate interconnections
diffuses into the interface between the substrate and the gate
interconnections, and then reacts with oxygen in the sub-
strate. Accordingly, an oxide interface layer is formed.
[0195] In addition, for example, on the gate electrode 351,
the gate insulating layer 37, composed of SiINO and the like,
is formed. By conducting a heat treatment during the manu-
facturing process, an oxide layer containing Cu, Si, and the
additional element, (Ci, Si, the additional element)O_, is
formed at the interface between the gate electrode 351 and the
gate insulating layer 37. Accordingly, the oxide layer is
formed on the surface by using the copper alloy as the inter-
connection and electrode materials of the TFT-LCD devices.
[0196] Now, the manufacturing process for the LCD device
of the present invention will be provided. Using a physical
vapor deposition (PVD) method or a chemical vapor deposi-
tion (CVD) method, a Cu alloy layer is deposited on the TFT
substrate 11. The Cu alloy layer is mainly composed of Cu
and an additional element used for forming an oxide layer on
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its surface and at the interface with the substrate. Then, a
photolithography and etching methods are used for patterning
the copper alloy layer, so as to form at least one of the
interconnections and electrodes.

[0197] In this embodiment, the additional element of the
copper alloy layer, is a metal element preferably selected
from the group of Mn, Zn, Ga, Li, Ge, Sr, Ag, In, Sn, Ba, Pr,
and Nd. In addition, in this embodiment, manufacturing pro-
cess is performed such that an oxide layer is formed on at least
one surface of the obtained interconnections or electrodes.
[0198] Itis preferable that the atmosphere gas, used for the
process of forming the oxide layer, is an inert gas such as
argon which contains oxygen in the amount of not less than
0.01 ppm and not more than 100 ppm. In addition, the oxygen
concentration in the atmosphere gas is preferably 5to 50 ppm.
Alternatively, an argon gas which contains oxygen as inevi-
table impurities may be used. Further, after forming at least
one of either the interconnections or electrodes, a heat treat-
ment is conducted at temperatures ranging from 150 to 400°
C. for a period ranging from 2 to 50 hours. Thereby, an oxide
layer of the additional element in the copper alloy layer may
be formed on the surface of at least one of the interconnec-
tions or the electrodes.

[0199] Inthis embodiment, Cu-2 atom % Mn alloy, which
is composed of Cu having 99.9999% purity and Mn having
99.98 purity, is used as a target material. After a thin layer of
the alloy is deposited on an insulating layer SiO2, the heat
treatment at a temperature of not less than 150° C. and not
more than 450° C.is conducted, thereby forming a sample for
analysis. Then, the composition of the thin layer is analyzed,
using an Auger electron spectroscopy, from its surface to its
depth direction.

[0200] FIG. 41 illustrates a cross-sectional view of a TEM
image for the copper alloy sample after conducting the heat
treatment. By using a transmission electron microscope and
an electron energy loss spectrometer (EELS), the microstruc-
ture observation and composition analysis are conducted. An
example ofthe results is shownin F1G. 42. Stable oxide layers
are formed at the interface between the Cu—Mn alloy layer
and the insulating substrate layer as well at the Cu—Mn alloy
surface. The oxide layers are mainly composed of Mn and
their thickness is about few to twenty-some nm.

[0201] FIG. 43, illustrates the thickness of oxide layer as a
function of the heating period. Table I summarizes the thick-
nesses of the obtained oxide layers for various Mn atom
concentration, heating time period, and temperatures. Refer-
ring back to FIGS. 31-32, the atomic concentration of
Cu—DMn sample is shown as a function of distance. Accord-
ing to these results, Mn shows a distribution where its peak is
substantially at the center of the oxide layer. It should be
understood that even though Cu intrudes into the oxide layer
from the interconnection body side, the intrusion of Cu into
the insulating layer is prevented.

TABLE II

The thicknesses of formed oxide layers

Atom
concentration in Heat treatment
Cu—Mn alloy Heat treatment temperature (° C.
(at %) time (minutes) 350°C. 450° C.
10% 20 minutes 3.2nm 6.1 nm
20% 30 minutes — 8.2 nm
[0202] A requisite relating to a sputtering target is pro-

vided, in the case where Cu—Mn is used as the copper alloy
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in the LCD device of the present invention. More specifically,
in the TFT-LCD module of the present invention, the propa-
gation delay in the gate interconnection increases. As
described above, in order to reduce this propagation delay, it
is preferable to use copper interconnections to achieve low
resistivity interconnections, which is close to the resistivity of
the pure copper.

[0203] FIG. 44 illustrates a cross-sectional view of an
exemplary gate interconnection using Cu—Mn. The gate
interconnection is composed of an interconnection body 171
and an oxide covering layer 172. Parameters a, b, h, t, and t,,
shown in FIG. 44, indicate the size of each portion related to
the gate interconnection. The sizes of a and b are in the range
of a few to ten-some pm. The size of h is around 200 to 500
nm. The sizes of t1 and t2 are around 2 1o 10 nm. In order to
realize an interconnection body 171 with a resistance close to
the resistance of the pure copper, it is preferable that the
corresponding amount of Mn contained in the covering oxide
layer 172 after the heat treatment, being the same amount
contained in the Cu—Mn alloy layer before the heat treat-
ment. Accordingly, the amount of Mn, which is the additional
element in the target of the sputtering method, is defined.

[Organic EL]

[0204] The present invention is not limited to the TFT-type
liquid crystal display device. The present invention may also
be applied to organic EL display devices. FIG. 45 illustrates a
schematic diagram of one example of the organic EL device
according to the present invention. The organic EL device
mainly includes a glass substrate 201, an anode (ITO) 202, a
hole transporting layer (HTL) 203, an emitting layer (EML.)
204, an electron transporting layer (ETL) 205, and a cathode
206 positioned on the electron transporting layer 205 sequen-
tially laminated on the glass substrate 201. As the emitting
layer, for example, organic substances such as diamines and
the like are used. The anode 202 and the cathode 206 are
electrically connected through a power source by an electrode
wire. Each layer has thickness of, for example, about tens of
nm.

[0205] With reference to FIG. 46, a schematic diagram of
an equivalent circuit for an organic EL display device is
shown. The organic EL display device includes a scan line
194, a signal line 195 and a power line 196 which cross in the
matrix way on a substrate 201. There is a pixel region 198
surrounded by the scan line 194, the signal line 195 and the
power line 196. In this embodiment, the pixel region 198
includes an organic EL element 191, a drive TFT 192 and a
switch TFT 193.

[0206] The organic EL includes an anode, a hole transport-
ing layer, an organic emitting layer, an electron transporting
layer and a cathode, which are laminated on a glass substrate.
One pixel is composed of a TFT circuit and an organic EL
element. A plurality of pixels are positioned in the matrix
way. This is called an active matrix organic EL display device.
[0207] FIG. 47 illustrates a cross-sectional view of an
organic EL display device. The organic EL display device
may include a driving TFT portion 182 and an organic EL
element 184, which are positioned on the glass substrate 181.
In addition, a TFT electrode 183, a cathode 185 made from
metals, and a transparent electrode 186 is included. In this
embodiment, light 187 is emitted toward a lower portion of
the substrate.

[0208] Inthe active matrix type organic EL display device,
there exists a problem with regard to the unevenness of pic-
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ture images. The unevenness is caused by the propagation
delay of the gate voltage pulse occurred in the active matrix
type liquid crystal display device. In order to solve the prob-
lem, copper alloy is used as an interconnection material hav-
ing high conductivity.

[0209] The copper alloy in the present invention is used for
the scan lines and the signal lines. In the organic EL display
device according to the present invention, at least one of the
scan line, the signal line, the power line and the electrode of
the TFT is formed from the copper alloy mainly composed of
copper. The copper alloy is to form oxide layers of the addi-
tional element that is added to the copper. The oxide layer
covers interconnections or electrodes. The structure of cross-
sectional view of the interconnections is illustrated in FIG.
44.

[0210] Furthermore, the copper alloy of the present inven-
tion is a copper alloy in which the additional element diffuses
in the surface of the copper alloy and oxide covering layers of
the additional element are formed. In addition, the additional
element may be at least one metal element selected from the
group of Mn, Zn, Ga, Li, Ge, Sr, Ag, In, Sn, Ba, Pr and Nd.
More preferably, the additional element may be at least one
metal element selected from the group of Mn, Zn and Ga. In
addition, it is the most preferable that the additional element
is Mn.

[0211] Furthermore, it is preferable that the electrode ter-
minal for an external connection has a structure according to
the structure shown in FIGS. 20-24.

What is claimed is:

1. A liquid crystal display (LCD) device having a thin film
transistor (TFT), the TFT comprising;

a source electrode;

a drain electrode, where at least one of said source elec-

trode and drain electrode comprises:

a first layer comprising copper,

asecond layer forming an oxide layer and covering said
first layer; and

a semiconductor layer having a substantially linear cur-

rent-voltage relationship with said source electrode or
drain electrode including said first and second layers,
when a voltage is applied between the semiconductor
layer and said source electrode or drain electrode.

2. The liquid crystal display device of claim 1, wherein the
semiconductor layer comprises n*a-Si, a-Si, or microcrystal
Si.

3. The liquid crystal display device of claim 1, wherein the
substantially linear current-voltage relationship comprises an
ohmic contact when the voltage is applied within a range of
+10 volts.

4. The liquid crystal display device of claim 3, wherein the
substantially linear current-voltage relationship comprises an
ohmic contact when the voltage is applied within a range of
+5 volts.

5. The liquid crystal display device of claim 1, wherein the
second layer covers the first layer so as to sandwich the first
layer therebetween.

6. The liquid crystal display device of claims 1, wherein the
second layer is formed between the semiconductor layer and
the first layer.

7. The liquid crystal display device of claim 1, wherein the
first layer is formed from copper alloy and an additional
element of the copper alloy is manganese (Mn).
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8. The liquid crystal display device of claim 1, wherein an
additional amount of the manganese is not less than 0.5 atom
% and not more than 25 atom %.

9. The liquid crystal display device of claim 1, wherein a
principal component of the oxide layer is manganese (Mn)
and a secondary component of the oxide layer is copper (Cu).

10. The liquid crystal display device of claim 1, wherein a
composition formula of the oxide layer is Cu,Mn,Si O
(0<X<Y, 0<Z<Y).

11. The liquid crystal display device of claims 1, wherein
the oxide layer comprises copper (Cu) and silicon (Si).

12. A liquid crystal display (LCD) device having a thin film
transistor (TFT), the TFT comprising:

a source electrode;

a drain electrode, where at least one of said source elec-

trode and drain electrode comprises:

a first layer comprising copper,

a second layer forming an oxide layer for sandwiching
said first layer; and

a semiconductor layer having a substantially linear cur-

rent-voltage relationship with said source electrode or
drain electrode with said first and second layers, when a
voltage 1s applied between the semiconductor layer and
said source electrode or drain electrode.

13. The liquid crystal display device of claim 12, wherein
the semiconductor layer comprises n*a-Si, a-Si, or microc-
rystal Si.

14. The liquid crystal display device of claim 12, wherein
the substantially linear current-voltage relationship com-
prises an ohmic contact when the voltage is applied within a
range of £10 volts.

15. The liquid crystal display device of claim 14, wherein
the substantially linear current-voltage relationship com-
prises an ohmic contact when the voltage is applied within a
range of +5 volts.

16. The liquid crystal display device of claim 12, wherein
a principal component of the oxide layer is manganese (Mn)
and a secondary component of the oxide layer is copper (Cu).

17. The liquid crystal display device of claim 12, wherein
a composition formula of the oxide layer is Cu,Mn Si, O
(0<X<Y, 0<Z<Y).
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18. The liquid crystal display device of claims 12, wherein
the oxide layer comprises copper (Cu) and silicon (Si).

19. A liquid crystal display (LCD) device having a thin film
transistor (TFT), the TFT comprising;

a source electrode;

a drain electrode, where at least one of said source elec-

trode and drain electrode comprises:

a first layer comprising copper and manganese,

a second layer forming an oxide layer including manga-
nese and covering said first layer; and

a semiconductor layer having a substantially linear cur-

rent-voltage relationship with said source electrode or
drain electrode with said first and second layers, when a
voltage is applied between the semiconductor layer and
said source electrode or drain electrode.

20. The liquid crystal display device of claim 19, wherein
the semiconductor layer comprises n*a-Si, a-Si, or microc-
rystal Si.

21. The liquid crystal display device of claim 19, wherein
the substantially linear current-voltage relationship com-
prises an ohmic contact when the voltage is applied within a
range of +10 volts.

22. The liquid crystal display device of claim 21, wherein
the substantially linear current-voltage relationship com-
prises an ohmic contact when the voltage is applied within a
range of +5 volts.

23. The liquid crystal display device of claim 19, wherein
the second layer covers the first layer so as to sandwich the
first layer therebetween.

24. The liquid crystal display device of claims 19, wherein
the second layer is formed between the semiconductor layer
and the first layer.

25. The liquid crystal display device of claim 19, wherein
a principal component of the oxide layer is manganese (Mn)
and a secondary component of the oxide layer is copper (Cu).

26. The liquid crystal display device of claim 19, wherein
a composition formula of the oxide layer is Cu,Mn, 81,0
(0<X<Y, 0<Z<Y).

27. The liquid crystal display device of claims 19, wherein
the oxide layer comprises copper (Cu) and silicon (Si).
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